Bronchial asthma is an inflammatory disease of the respiratory system. However, it may also induce systemic effects. Although reports suggest patients with asthma are at increased risk of cardiovascular events, the association between asthma and atherosclerosis is unclear. The aim of the present study was to compare the progression of atherosclerosis between patients with asthma treated with inhaled corticosteroids and healthy controls.
Background
Asthma and atherosclerosis are inflammatory diseases that affect the bronchi and arterial wall [1] . Vascular inflammation is noted early in the course of chronic systemic inflammatory diseases such as systemic lupus erythematosus, rheumatoid arthritis or psoriasis [1] [2] [3] . In these conditions, circulating pro-inflammatory cytokines and diminished nitric oxide production cause endothelial dysfunction, followed by propagation of the inflammatory cascade, premature atherosclerotic plaque formation, and, finally, increased risk of cardiovascular events [1, [4] [5] [6] . Although the bronchi are affected in asthma, blood circulating through the lungs may "wash out" pro-inflammatory cytokines, promoting the progression of atherosclerosis. This pathway may be also indirect; for example, via the production of interleukin-6 (IL-6), which is a major signalling cytokine for C-reactive protein (CRP) expression in hepatocytes [5] . This may account for the elevated levels of serum CRP observed in patients with asthma [5] . However, the data concerning the association between asthma and atherosclerosis, which might be associated with lung function and asthma control, remains inconclusive [5, [7] [8] [9] [10] .
Inhaled corticosteroids (ICSs) are first-line medications for the majority of patients with persistent asthma who require chronic treatment [5] . Although, in contrast to systemic glucocorticosteroids, ICSs have minimal/non-systemic adverse effects when appropriately dosed [11] , they have been suggested to have an effect beyond the respiratory system [5] . By preventing the spilling-over of regional inflammation and decreasing risk of exacerbations, ICS may indirectly decrease the systemic inflammatory response, reducing the risk of atherosclerosis.
Early signs of atherosclerosis are a stiffening of the arterial wall and an increase of its thickness, particularly the intima-media complex thicknesses (IMCT). The criterion standard method for assessment of arterial stiffness is the evaluation of pulse wave velocity (PWv) [12] , while the IMCT can be evaluated sonographically. Both increased arterial stiffness and atherosclerosis are risk factors for cardiovascular morbidity, and the latter remains the most significant cause of death worldwide [1, 13, 14] .
Due to the inconclusive association between asthma and atherosclerosis, our aim was to compare the progression of atherosclerosis between adults affected by asthma treated with ICS and healthy controls. Our hypothesis was that patients with asthma present milder atherosclerotic changes.
Material and Methods

Patients
The study group comprised 109 patients diagnosed with asthma and 111 age-matched controls. Patients were recruited from the Pulmonology and Allergology Outpatient Clinics, and controls through an internet advertisement. Inclusion criteria for patients with asthma were as follows: age over 30 years old, diagnosis of asthma, and treatment with ICSs. The exclusion criteria comprised administration of oral glucocorticosteroids during the previous 6 months [15] , current smoking, asthma-COPD overlap syndrome, diagnosis of diabetes mellitus or ischemic heart disease or atrial fibrillation, or a history of cardiovascular or cerebrovascular incidences. Controls were healthy, non-smoking adults over 30 years old who were not receiving treatment with ICS nor oral glucocorticosteroids, and were not affected by any of the aforementioned diseases. Current smoking was defined as consuming at least 1 cigarette daily. Diabetes mellitus (DM), ischemic heart disease, and atrial fibrillation were defined as being either self-reported, documented in patient records, or being treated with medication. Based on the interview and analysis of medical records, the following characteristics of patients were evaluated:
• The timespan and severity of asthma, and the level of asthma control (including last spirometry results). Diagnosis of asthma and its severity were determined according to the Global Initiative Strategy for Asthma Management (GINA) guidelines [16] .
• Present and former treatment of asthma: time of treatment onset, delay from diagnosis to onset of treatment (in years), types and doses of ICS administered during the previous 2 years. The daily dose of ICS was adjusted to an equipotent dose, with the dose of budesonide as reference, and equipotent doses of fluticasone and ciclesonide calculated with the conversion factor of 2.0 [17] .
• Past smoking history (determined by smoked pack-years) and presence of hypertension. Hypertension was defined as systolic blood pressure (SBP) ³140 mm Hg and/or diastolic blood pressure (DBP) ³90 mm Hg, or use of antihypertensive medications. Normal limits of glucose were 70-99 mg/dL [18] . Impaired fasting glucose was recognized when glucose level ranged between 100 and 125 mg/dL. If the level was ³126 mg/dL, the patient was excluded from the study and referred to a specialist due to the potential risk of diabetes mellitus [18] . The normal limits of the lipogram were TCh <190 mg/dL; HDL-c ³45 mg/dL; LDL-c £100 mg/dL; and TG £150 mg/dL [19] .
All patients gave their written informed consent to participate in the study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Bioethics Committee of the Medical University of Lodz (approval number: RNN/41/13/KB).
Arterial stiffness assessment
The patient was placed in supine position. The distance from the jugular notch to the carotid artery sampling site (palpated place of its strongest pulsation) and the femoral artery sampling site (in the groin) were measured. The travel distance was estimated by subtracting the distance between the carotid sampling site and the jugular notch from the distance between the jugular notch and the femoral sampling site [20] . The ECG electrodes were placed on the patient and an ECG trace was obtained. After 5 minutes of rest in a semi-dark, quiet room, blood pressure was measured with an automatic sphygmomanometer. Then, the central aortic pressure waveform and augmentation index (AI) were evaluated based on the radial artery waveform. The augmentation index was defined as the proportional increase in systolic pressure due to the pulse wave reflected from peripheral arteries, expressed as a percentage of the central pulse pressure. This parameter is believed to be related to structural aortic atherosclerotic disease [14] .
Following this, the PWv was measured by sequential recordings of the arterial pressure waveform at the carotid and femoral artery sampling sites. Aortic PWv was calculated as the ratio of the estimated travel distance in meters to the transit time of pulse wave in seconds. This parameter reflects central arterial stiffness, mainly that of the aorta [20] . The quality of measurement was evaluated by assessment of the operator index. The measurements were repeated if the result was not sufficient, i.e., lower than 75%. Measurements of the PWv and AI were performed by means of an applanation tonometer (SphygmoCor, AtCor Medical, New South Wales, Australia).
IMCT assessment
After tonometric examination, the patient remained in the same semi-dark, quiet room for at least 5 minutes. An ECG trace was then obtained and carotid ultrasound was performed. The patient was in a supine position with the head turned 45º opposite to the side of examination. Long axis images of both common carotid arteries (CCA) were obtained up to the carotid bulb. The IMCT was visualized and cine loops of 3 cardiac cycles were saved. To minimize the respiration-related motion artefacts, all readings were acquired during a short breath-hold at the end of expiration. Further analysis was performed on a workstation equipped with dedicated software (EchoPac PC, GE Medical System). The mean IMCT of the far wall was measured at the R wave on the ECG. Evaluation was performed with a semi-automated border-detection program at a distance of 200 points proximal from the carotid bulb, during each of 3 cardiac cycles in the cine loop. The mean value was calculated and used for further analyses. Atherosclerotic plaque was defined as a distinct area of increased IMCT 50% greater than that of neighboring sites, or as a focal region of IMCT greater than 1.5 mm that protrudes into the lumen of the artery [9] .
Statistical analysis
The statistical analysis was performed using Statistica 12 software (StatSoft Polska, Cracow, Poland). Relationships with a p-value lower than 0.05 were considered significant. The results are presented as mean and standard deviation unless otherwise stated.
The normality of the continuous data distribution was checked with the Shapiro-Wilk test. The c 2 test was used for comparisons of nominal data. To evaluate correlations the Person or Spearman rank correlation coefficients were applied. When comparing the asthma and control groups with regard to continuous variables, the unpaired t test was used for normallydistributed data while the Mann-Whitney test was used for data with a skewed distribution. The 3 groups of ICS were compared with the one-way ANOVA or the Kruskal-Wallis ANOVA, according to the data distribution. When the F-omnibus test was significant, dedicated post hoc tests were performed. To evaluate the determinants of different atherosclerosis markers, the multiple regression analysis was performed. The following risk factors were included into the analysis: age, sex, group affiliation, blood pressure values, heart rate, laboratory test results, and BMI.
To evaluate the number of individuals required for the study, a pilot study was performed where PVW was assessed in 10 individuals from each group. The results indicated that 102 individuals needed to be included into each group, assuming a=5% and statistical power of 80%. This calculation was performed using PS software (Power and Sample Size Calculation Version 3.0; United States).
In 10 randomly-selected individuals (5 patients and 5 controls), all measurements were repeated twice: by the second investigator on the same day, and during a 1-week period by the primary investigator. The intraclass correlation coefficient for repeated scans of the same investigator were 0.97, 0.81, and 0.77 for evaluation of IMCT, PWv, and AI, respectively. The interclass correlation coefficient between repeated measurements performed by different readers were 0.95, 0.80, and 0.75 for the evaluation of IMCT, PWv, and AI, respectively.
Results
Seven of the initial group of 109 patients with asthma and 9 of the 111 controls were excluded due to the presence of a fasting glucose plasma level over 125 mg/dL. Hence, the study population comprised 102 patients with asthma and 102 controls.
The patients with asthma demonstrated significantly increased BMI and systolic blood pressure in comparison to the control group. The asthma group also included more hypertensive patients and more former smokers; however, this difference was not significant. Moreover, all of past-smokers had ceased smoking at least 10 years before the study date and the number of smoked pack-years did not differ significantly. All the characteristics of both groups are presented and compared in Table 1 .
In analysis of structural changes the atherosclerotic plaque in the RCCA was present significantly more often in controls than in patients with asthma (Table 2) . Although patients with asthma presented significantly increased PWv than controls, multivariate regression analysis found the group affiliation to be an insignificant determinant when weight, age and systolic blood pressure were included (Table 3) . These 3 variables explained 44.9% of the whole PWv variance (R 2 =0.4486, p<0.001). The difference in aortic AI was not significant (Table 2 ).
In patients with asthma, the mean timespan of the disease was 15.7 years (SD=12.2) and the mean time of ICS intake was 11.3 (SD=9.0) years. The mean delay from diagnosis to treatment was 4.3 years (SD=8.3). Most patients maintained good asthma control (mean ACT=22.6 points, SD=2.9, range: 12-25). None of the aforementioned parameters associated with the course of asthma were significantly correlated with markers of atherosclerosis ( Table 4 ).
All patients were treated with ICS. The majority received budesonide (50 patients) in a mean dose of 584 μg/day (SD=276 μg/day). The remaining patients were treated with ciclesonide (31 patients, mean dose 585 μg/day; SD=349 μg/day) and fluticasone (21 patients, mean dose 804 μg/day; SD=310 μg/day). In all cases, therapy with ICS was augmented with long-acting b2-agonists, and 93 patients were provided with short-acting b2-agonist for quick relief. No differences in ACT score nor in atherosclerosis related markers were observed between groups treated with different ICSs (Table 5) . Furthermore, equipotential doses of ICS did not correlate significantly with levels of atherosclerosis surrogates (PWv: R Most of the patients presented moderate severity of asthma (65 patients, 63.7%); however, no significant relationship was found between the severity of asthma and atherosclerosis markers (data not presented). The mean forced expiratory volume in the first second (FEV1) (% of predicted value for age) differed significantly between each of the subgroups (FEV1 Table 3 . Results of multivariate regression analysis for assessed parameters.
PWv -pulse wave velocity; AI -augmentation index; IMCT -intima media complex thickness; LCCA and RCCA -left and right common carotid artery; SBP and DBP -systolic and diastolic blood pressure; HR -heart rate; BMI -body mass index; TCh -total cholesterol; HDL and LDL -high and low density lipoproteins; TG -triglycerides; Gluc -glucose.
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Discussion
Our evaluation of IMCT and arterial stiffness parameters indicates that despite increased BMI and SPB, asthma patients treated with ICSs may be less prone to develop atherosclerotic changes than are healthy controls.
Inflammation of the arterial wall, resulting in the deterioration of the endothelium, initiates atherosclerosis. Patients with asthma are known to demonstrate elevated concentrations of serum pro-inflammatory cytokines such as IL-6, tumor necrosis factor a, CRP, IL-8, and fibrinogen [13, 21] . However, the association between asthma and atherosclerosis remains inconclusive.
Atherosclerosis may manifest either as structural changes, particularly increased IMCT or atherosclerotic plaque formation, or as functional abnormalities, concerning arterial stiffening. As the latter may precede morphological changes, it is considered as an early marker of atherosclerosis [14] . Our comparison of the 2 groups revealed changes only in IMCT, which may indicate that the majority of patients have already exceeded a subclinical level of atherosclerosis (probably due to age) and reached the stage of progressive morphological Table 4 . Correlation between asthma related features and atherosclerosis marker.
PWv -pulse wave velocity; AI -augmentation index; IMCT -intima media complex thickness; LCCA and RCCA -left and right common carotid artery; R -correlation coefficient; ICS -inhaled corticosteroids; ACT -asthma control test. ACT -asthma control test; PWv -pulse wave velocity; AI -augmentation index; IMCT -intima media complex thickness; LCCA and RCCA -left and right common carotid artery. changes. However, the less frequent occurrence of atherosclerotic plaques in patients with asthma may indicate that atherosclerosis progresses slower in this group of patients. This hypothesis is further supported by a trend towards lower AI (aortic atherosclerosis marker) in patients with asthma and the looser correlation between morphological and structural changes noted in this group.
Nevertheless, recent nationwide population-based studies in Taiwan demonstrated that asthma was associated with a 1.66-fold greater hazard for acute coronary syndrome and a 1.34-fold greater risk of peripheral artery disease [7, 22] . In a previous cohort study, patients with asthma displayed increased risks of congestive heart disease, cerebrovascular disease, and heart failure in comparison to their counterparts with no history of asthma [23] . As far as the arterial stiffness is concerned, Sun et al. [13] , in a comparison of 170 patients affected by asthma with 85 healthy controls, observed increased PWv in patients with asthma. Moreover, in these patients, PWv was negatively correlated with lung function [13] . In addition, a Fludeoxyglucose-PET CT study by Vijayakumar et al. [21] found that patients with asthma tended to have increased arterial inflammation and that its severity was inversely correlated with lung function. This is in accordance with our results in which lung function (FEV1) was inversely correlated with the severity of atherosclerosis (RCCA IMCT).
In contrast, a comparison of 150 patients with asthma with healthy controls showed the prevalence of atherosclerotic changes in the carotid arteries was significantly lower in patients with asthma, even those with a significantly higher smoking status [9] . Moreover, in contrast to our results, the authors found that carotid IMCT was significantly decreased in patients with asthma in comparison to controls. The authors did not find any significant difference in atherosclerotic plaque presence between groups; however, the site-specific findings were not reported.
Further reports regarding the decreased risk of atherosclerosis in patients with asthma concerned the administration of ICS. Treatment with oral glucocorticosteroids was associated with an increased risk of fatal and non-fatal myocardial infarction (odds ratio for myocardial infarct: OR=0.73; 95% CI 0.33-1.64); however, the administration of ICS was not associated with any increased risk of this event (OR=0.96; 95% CI 0.77-1.17) [15] . Moreover, several studies have reported antiinflammatory benefits of ICSs beyond those affecting the airway [5] . In a 5-year follow-up study of 2671 nurses with asthma, Camargo et al. [5] reported significantly lower cardiovascular and all-cause mortality among woman with asthma who used ICSs compared to those who did not. On the other hand, lack of ICSs in treatment strategy may increase the risk of atherosclerosis. Another study found that atherosclerotic changes were more abundant in patients who had received significantly lower mean daily doses of ICS in the preceding 2 years [9] .
The risk of atherosclerosis may be decreased by administration of ICS in 2 ways: by absorption across the lungs and exerting a direct effect on the vessel wall, or indirectly by reducing the airway inflammatory response, thus preventing the "washing out" of the pro-inflammatory cytokines to the systemic circulation. Yao et al. [22] noted that the indirect route may be also related to the crucial role of ICSs in preventing asthma exacerbations associated with major oxidative stress. Moreover, as asthma exacerbations are often precipitated by infections which may directly contribute to atherosclerosis by infecting vascular cells, or indirectly so through the action of cytokines, a dose-response relationship may exist between the number of exacerbations and the development of peripheral artery disease [22] . Our findings suggest that the type of ICSs did not influence aggravation of atherosclerotic process. All these drugs at appropriate dose effectively reduce inflammation in the respiratory system; however, they differ in systemic bioavailability. This was not reflected in the levels of atherosclerosis markers, which may suggest that they act indirectly by preventing exacerbations and the spilling-over of local inflammation.
This study has a few limitations. Firstly, as assessment of asthma severity and its management concerned only the preceding 2 years, it was not possible to evaluate the asthma control and effect of changing ICS types and doses during the entire course of the disease. This may hinder evaluation of the interplay between asthma and atherosclerosis. However, the majority of patients (86.3%) presented with mild/moderate severity of asthma with a stable course, and neither the type of ICS nor its dose were found to influence the atherosclerosis markers. Hence, we may assume that the moment of examination was representative of the whole course of asthma and a reliable time-point for evaluation of its association with atherosclerosis.
Secondly, the phenotype of asthma was not evaluated. It is widely accepted that asthma is a heterogeneous disease [16] . Although IMCT has been associated with adult-onset asthma in women, this was not found to be true for the childhoodonset phenotype [8] . However, as only 10 of the study group patients were under 18 years of age when asthma was diagnosed, the majority of patients included in the present study presented a phenotype that might predispose them to atherosclerosis. On the other hand, GINA [16] found no strong relationship between specific phenotype and particular clinical patterns or treatment responses.
this sex distribution does resemble general trends among patients with asthma, reducing the effect of any such bias.
Finally, the actual effect of asthma control could not be evaluated because most of the patients included in our study demonstrated good control of asthma. To further elucidate the role of ICS beyond the respiratory system, future studies should prospectively compare the progression of atherosclerosis in more diverse groups of patients with asthma, especially those with different frequencies of exacerbations and levels of asthma control.
Conclusions
In patients aged 50-60 years who are affected by chronic bronchial asthma, structural atherosclerotic changes may progress more slowly than in healthy controls, and the rate of progression may be associated with lung function. The degree of asthma control seems to have a greater impact on atherosclerotic changes than the type of applied ICS, which suggests that these drugs have an indirect protective effect.
